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FREEZE-THAW  TESTS  OF 
LIQUID  DEICING  CHEMICALS  ON 
SELECTED  PAVEMENT  MATERIALS 

L.  David  Minsk 


INTRODUCTION 

Evidence  that  the  common  deicing  chemicals,  sodi- 
um chloride  and  calcium  chloride,  can  cause  surface 
deterioration  of  Portland  cement  concrete  (PCC)  is 
well  documented'"’'  (see  cover).  Less  well  demon- 
strated, however,  is  the  effect  of  nonchloride  deicing 
chemicals,  particularly  liquid  chemicals,  on  the  sur- 
face quality  of  both  portland  cement  concretes  and 
bituminous  concretes.  Evidence  has  been  presented 
by  Snyder*  and  Verbeck  and  Klieger'  that  scaling  of 
the  surface  of  PCC  is  primarily  due  to  physical  rather 
than  chemical  causes,  resulting  from  the  concentration 
gradient  of  the  chemical  which  reverses  the  normal 
process  of  freezing  from  the  outside  in.  However, 
liquids  containing  propylene  glycol,  ethylene  glycol, 
urea,  and  formamide  have  been  introduced  as  ice  con- 
trol chemicals  on  airfield  runways  to  avoid  the  high 
corrosion  rates  on  aircraft  structural  materials  caused 
by  chlorides,  and  the  effects  of  many  of  these  organic 
chemicals  on  pavements  over  a long  period  of  time  are 
unknown.  The  only  previous  investigation  of  any 
organic  chemical  was  by  Verbeck  and  Klieger’  who 
included  urea  and  ethyl  alcohol  along  with  sodium 
and  calcium  chlorides  in  their  tests  on  scaling  of  PCC. 
It  was  the  similar  scaling  of  the  PCC  with  both  non- 
chloride and  chloride  chemicals  that  led  them  to  con- 
clude that  the  degradation  mechanism  was  identical 
for  both,  and  that  low  concentrations  of  chemicals 
(on  the  order  of  2-4%  by  weight)  caused  the  greatest 
scaling. 

Several  proprietary  liquid  chemicals  containing 
organic  compounds  have  been  developed  in  the  United 
States  for  use  on  airfield  runways,  some  of  which  have 
been  used  on  U.S.  Air  Force  installations.  The  U.S. 
Air  Force  Civil  Engineering  Center,  Tyndall  AFB, 
Florida,  requested  CRREL  to  perform  accelerated 
freeze-thaw  tests  using  a number  of  these  liquid 


deicing  chemicals  on  typical  new  and  old  airfield  run- 
way pavements.  This  work  was  conducted  in  two  test 
series  between  )uly  1972  and  June  1973. 

TEST  PROCEDURE 

The  test  procedure  followed  ASTM  C 672-71 T 
"Tentative  method  of  test  for  scaling  resistance  of  con- 
crete surfaces  to  deicing  chemicals”  with  some  modifi- 
cations. This  method  calls  for  1 2-  x 1 2-  x 3-in.  speci- 
mens; in  this  study  specimens  were  either  6 x 8 x 3 in. 
or  6x  10'/2x3  in.  Specimens  were  covered  with  approxi- 
mately % in.  of  chemical  solution  held  in  place  by 
wooden  dikes  sealed  with  General  Electric  RTV102 
silicone  rubber,  then  placed  in  a coldroom  at  0°F  for 
16  hours,  followed  by  thawing  in  the  warm  lab  'ratory 
at  70°F  for  8 hours.  This  cycle  was  repeated  daily  in- 
cluding weekends.  At  the  end  of  every  five  freeze-thaw 
cycles,  the  deicing  chemicals  were  poured  off.  The  sur- 
face was  rinsed  first  with  tap  water,  then  with  distilled 
water,  and  the  condition  of  the  specimens  was  visually 
graded  on  a scale  of  0-5,  as  shown  in  Table  I.  Distilled 
water  was  added  as  necessary  to  maintain  the  solution 
level  at  a depth  of  about  % in. 

Table  I.  Visual  rating  scheme  for  scaling  resistance. 

Rating  Surface  condition 

0 No  scaling 

1 Very  slight  scaling  maximum  depth,  no 

coarse  aggregate  visible) 

2 Slight  to  moderate  scaling 

3 Moderate  scaling  (some  coarse  aggregate  visible) 

4 Moderate  to  severe  scaling 

5 Severe  scaling  (coarse  aggregate  visible  over  entire 
surface) 


! 
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entraining  PCC  air-entraining 


0 cycles  60  cycles 

UCAR 

1/1000 

Figure  1.  Typical  photographs  of  PCC  samples  before  testing  and  after  60  freeze-thaw  cycles. 

2 


Figure  2.  Movable  rack.  Specimens  were  moved  In  and  out  of  coldroom  in  this 
way. 


Photographs  were  taken  of  all  specimens  prior  to 
covering  them  with  the  deicing  chemicals,  then  mid- 
way through  the  test  sequence  (after  30  freeze-thaw 
cycles)  and  at  the  conclusion  of  the  test.  In  those 
cases  where  the  test  had  to  be  terminated  prior  to 
60  cycles  because  of  extreme  deterioration,  photo- 
graphs were  made  at  the  time  of  termination.  A 
typical  photograph  is  shown  in  Figure  1 . Figure  2 
shows  the  rack  used  to  hold  and  move  the  specimens 
in  and  out  of  the  coldroom. 


PAVEMENT  TYPES 

Tests  were  made  on  the  materials  listed  in  Table  II. 
New  Portland  cement  concrete  specimens  were  molded 
by  the  New  England  Division  of  the  Corps  of  Engineers 
using  an  airfield  mix  design.  Details  on  the  aggregates, 
cement,  mix  design,  curing  and  strength  are  given  in 
Appendix  B.  Old  PCC  specimens  were  cut  from  run- 
ways at  Wright-Patlerson  AFB,  Ohio,  but  no  history 
or  mix  design  was  available.  Both  new  and  old  as- 
phaltic concrete  and  tar  rubber  concrete  specimens 
were  furnished  by  the  Air  Force,  again  without  any 
design  or  use  history.  The  old  porous  friction  asphalt 
specimens  were  cut  from  the  runway  at  Pease  AFB, 
New  Hampshire.  The  dimensions  of  the  specimens 


provided  by  the  Air  Force  were  6 x lO'/z  x 3 in.  Two 
replicates  were  used  for  each  pavement/chemical  com- 
bination. 


Table  II.  Materials  tested. 


New 

Old 

Air-entrained  Portland  cement  concrete 

X 

X 

Non-air-entrained  Portland  cement  concrete 

X 

X 

Dense-graded  asphaltic  concrete 

X 

X 

Open-graded  asphaltic  concrete 

X 

Tar  rubber  concrete 

X 

X 

DEICING  CHEMICALS 

Four  proprietary  liquid  deicing  chemicals  and  an 
Air  Force  deicing  fluid  were  tested  at  concentrations 
specified  by  the  Air  Force  on  the  basis  of  manufactur- 
ers’ recommendations.  These  application  rates  are 
stated  as  spread  rates:  1 gallon  of  undiluted  deicing 
fluid  per  1000  ft^  and  2 gallons  of  deicing  fluid  per 
1000  ft^  (chosen  according  to  ice  thickness  and  tempera- 
ture). These  quantities  were  insufficient  to  cover  the 
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Table  III.  Summary  of  PCC  observations. 


Ot*mtC9l  ttQ0m 


Coif^tuition  OuKtntntkm  Rating  after 

Symbol  (principal  constituants)  fiH  *4anufocturtr  (got.lfOOOft^)  (vol.%)  Type  Age  Series  60  cycles 


Cycles  when  surface 

rating  reached  Averaot  ^ight  change 
t 2 5 (%j 


AF  deking  fluid 

AF 

Ethylene  ilycol-propylene 

1 

1.7 

non>air 

old 

1 

1 

25 

♦0.027 

♦0.16 

(MIL  A 8343B) 

glycol 

new 

1 

5 

M 

20 

35 

-0.69 

-3.5 

air 

old 

1 

1 

35 

♦0.006 

♦0.03 

new 

1 

1 

M 

♦0.043 

♦0.22 

2 

3.4 

non-air 

old 

1 

1 

25 

♦0.065 

♦0.34 

new 

1 

5 

M 

30 

35 

-1.66 

-8.4 

air 

old 

1 

1 

♦0.032 

♦0.15 

new 

1 

0 

♦0.069 

♦0.37 

MCS  1082 

MCS 

Urea>formamide 

7.6 

Monsanto  Co. 

1 

2.5 

non-air 

old 

1 

2 

25 

50 

♦0.053 

♦0.31 

new 

1 

5 

20 

-0.70 

-3.5 

air 

old 

1 

1 

25 

♦0.018 

♦0.10 

new 

1 

2 

20 

25 

-0.016 

-0.085 

2 

4.9 

non-air 

old 

1 

1 

30 

♦0.058 

♦0.34 

rtew 

1 

5 

M 

M 

20 

-1.17 

-5.9 

air 

old 

1 

1 

30 

♦0.005 

♦0.03 

new 

1 

2 

20 

40 

♦0.028 

♦0.15 

UCAft  runwiy  deker 

UCAR 

Ethylene  glycoi*ure4 

9.1 

Union  Carbir  « Corp. 

1 

2.5 

non-air 

old 

2 

3 

25 

35 

-0.57 

-4.1 

(PM.5I97) 

new 

2 

S 

5 

10 

30 

-0.51 

-2.4 

air 

old 

2 

1 

35 

♦0.076 

♦0.56 

new 

2 

1 

5 

♦0.10 

♦0.51 

2 

4.9 

non-air 

old 

2 

3 

25 

35 

-0.38 

-2.8 

new 

2 

3 

5 

15 

-0.032 

-0.16 

air 

old 

2 

1 

35 

♦0.13 

♦ 1.0 

new 

2 

1 

5 

♦0.24 

♦1.2 

NC  2207.1 

NC 

Propylene  glycol 

7.9 

Dow  Chemkal  Co. 

1 

2.5 

non-air 

old 

2 

3 

20 

35 

-0.23 

-1.7 

new 

2 

4 

5 

20 

-0.18 

-0.87 

air 

old 

2 

1 

35 

♦0  11 

♦0.40 

new 

2 

1 

15 

♦0.14 

♦0.65 

2 

4.9 

non-air 

old 

2 

4 

25 

S' 

-1.21 

-8.0 

new 

2 

4 

5 

20 

-0.32 

-1 .6 

air 

old 

2 

1 

35 

>0.10 

♦0.74 

new 

2 

5 

♦0.24 

♦1.2 

ISOLV 

ISO 

Urea'formamide 

6.8 

Kaiser  Agricultural 

1 

2.5 

non-air 

old 

2 

3 

25 

30 

-0.23 

-1 .5 

Chemicals,  Inc. 

new 

2 

5 

5 

15 

40 

-0.63 

-3.0 

air 

old 

2 

1 

40 

♦0.071 

♦0.51 

new 

2 

2 

5 

30 

♦0.075 

♦0.36 

2 

4.9 

non-air 

old 

2 

5 

25 

35 

50 

-0.070 

-4.6 

new 

2 

5 

5 

10 

45 

-0.51 

-2.4 

air 

old 

2 

1 

30 

♦0.16 

♦1.1 

new 

2 

2 

5 

30 

♦0.13 

♦0.62 

Ethylene  flycol 

EG 

(reagent  grade,  L715) 

J.T.  Baker  Co. 

2 

3.4 

non-air 

new 

1 

5 

M 

20 

35 

-2.0 

-6.7 

air 

new 

1 

1 

M 

-0.016 

-0.07 

Sodium  chloride 

SC 

(reagent  grade,  S<27l) 

Fisher  Scientific  Co. 

0.48  wt  % 

non-air 

new 

1 

5 

M 

M 

35 

-1.5 

-5.6 

(0.083  molal) 

air 

new 

1 

1 

M 

♦0.023 

♦0.09 

Dry  conuol 

non-air 

old 

2 

0 

-0.032 

-0.15 

new 

2 

0 

-0.01 

-0.04 

air 

old 

2 

0 

-0.058 

-0.35 

new 

2 

0 

♦0.019 

♦0.08 

DHiilled  water 

non-air 

new 

1 

0 

-0.17 

-0.60 

air 

new 

1 

0 

-0.019 

-0.076 

non-air 

old 

2 

0 

-0.007 

-0.086 

new 

2 

0 

-0.18 

♦0.66 

air 

old 

2 

0 

♦0.074 

♦0.34 

new 

2 

0 

♦0.18 

♦0.68 

specimens  to  the  desired  '4-in.  depth  (the  application 
rate  for  2 gal./IOOO  ft^  works  out  to  a depth  of  about 
0.003  in.).  Furthermore,  merely  placing  twice  as 
much  undiluted  fluid  on  the  specimens  would  not 
change  the  concentration  (concentration  is  an  intensive 
variable).  The  assumption  was  made,  therefore,  that 
the  deicing  chemicals  would  be  applied  on  a film  of  ice 
about  '/i6  in-  thick  with  a water  equivalent  of  39  gal./ 
1000  ft^.  The  Air  Force  deicing  fluid  is  normally 
diluted  before  spreading  at  the  rate  of  7 parts  fluid  to 
3 parts  water,  so  the  test  concentration  was  adjusted 
accordingly.  In  addition  to  these  liquid  deicing  chemi- 
cal mixtures,  laboratory  grade  ethylene  glycol  and 
sodium  chloride  were  also  tested  on  some  of  the 
specimens.  Concentration  of  the  sodium  chloride  was 
based  on  an  application  rate  of  400  lb  of  dry  chemical 
per  2-lane  (24-ft-wide)  mile  of  highway  covered  with 
‘/s  in.  of  ice.  Controls  were  either  dry  specimens  or 
specimens  covered  with  distilled  water. 

Table  III  lists  the  chemicals  used,  their  compositions 
and  concentrations.  The  formulation  of  the  proprietary 
chemicals  is  unknown,  and  neither  molecular  weight 
nor  freezing  point  was  determined. 

DESCRIPTION  OF  TESTS 

Two  test  series  were  run;  thus,  variability  results 
from  the  different  origins  of  the  old  pavement  speci- 
mens and  the  different  cements  and  aggregates  used  in 
molding  the  new  PCC  specimens.  The  first  series  con- 
sisted of  tests  on  Air  Force  deicing  fluid,  Monsanto 
MCS  1082,  laboratory  grade  ethylene  glycol,  sodium 
chloride,  distilled  water  and  a dry  control.  (The 
ethylene  glycol,  NaCI  and  distilled  water  were  tested 
only  on  new  PCC  specimens  since  insufficient  old 
specimens  had  been  provided.)  The  second  series  was 
run  on  Union  Carbide  UCAR,  Dow  NC  2207.1,  and 
Kaiser  ISOLV,  with  distilled  water  and  dry  controls 
for  ail  pavement  types.  A summary  of  the  visual  ob- 
servations and  weight  changes  for  the  PCC  specimens 
is  included  in  Table  III.  Table  A1  is  the  complete  list- 
ing of  observations  including  the  replicates;  only 
averages  of  the  surface  ratings  and  weight  changes  are 
given  in  Table  III.  Figure  3 shows  the  surface  ratings 
of  the  PCC  specimens  for  all  chemicals. 

It  was  recognized  in  designing  the  experiment  that 
depression  of  the  freezing  point  by  chemical  action  is 
only  one  factor  in  the  surface  deterioration  of  a pave- 
ment, and  that  abrasion  from  a blade  or  a steel-bristle 
broom  may  contribute  significantly  to  pavement 
i wear.  An  apparatus  was  constructed  (Fig.  4)  to  simu- 

1 late  in  the  laboratory  the  scraping  action  of  a blade. 

I 

i 
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Specimens  of  new  air-entrained  PCC  were  mounted 
vertically  in  a movable  carriage  and  pulled  past  a 
stationary  blade  10  times  after  every  five  freeze-thaw 
cycles.  Blade  contact  pressure  was  obtained  by  trans- 
lating the  load  of  a hanging  weight  to  a horizontal  force 
by  a cable  passing  over  a pulley.  Materials  lost  during 
the  wash-up  following  every  five  freeze-thaw  cycles 
and  the  subsequent  wet  abrasion  test  were  collected 
separately  on  a number  100  sieve,  oven-dried,  and 
weighed.  Two  sets  of  normal  forces  were  applied  to 
the  blade:  for  the  first  25  cycles  (five  abrasion  tests) 
a 6-  X Vi6-in.  aluminum  blade  was  used  with  loads  of 
1 kg  and  2 kg,  giving  contact  pressures  of  0.41  and  0.83 
kgf/cm^  (5.88  and  1 1.8  Ibf/in.^),  respectively.  When 
it  was  observed  that  very  little  concrete  wear  was 
occurring  although  the  aluminum  blade  was  wearing 
excessively,  a 6-  x '/s-in.  steel  blade  was  substituted  and 
the  loads  increased  to  5 and  10  kg,  giving  contact  pres-  J 

sures  of  1.03  and  2.07  kgf/cm^  (14.7  to  29.4  Ibf/in.^), 
respectively.  Two  chemicals  were  used:  UCAR  (con-  I 

centration  2/1 OOC)  and  NaCI  (the  latter  at  only  one 
force  however).  I 

The  results  are  given  in  Table  IV  and  Figure  5.  The  j 

losses  were  very  small,  and  surface  condition  ratings  - 

for  all  samples  were  0 except  for  the  last  10  cycles  of  i 

the  higher  force  UCAR  specimens.  Since  losses  did  in- 
crease with  higher  blade  contact  pressure,  abrasion  is  i 

clearly  a factor  in  surface  degradation,  though  the  | 

degree  of  this  influence  has  not  been  demonstrated  by  ] 

this  test.  However,  abrasion  should  be  considered  j 

seriously  as  an  experimental  parameter  in  any  future  j 

tests.  \ 


DISCUSSION 

Deterioration  of  the  bituminous  concrete  specimens 
was  insignificant;  only  an  occasional  piece  of  aggregate 
near  the  surface  failed.  Scaling  of  the  portland  cement 
concrete  specimens  was  frequent  with  all  chemicals 
used.  The  effects  of  age  of  sample  and  of  air-entrainment 
were  significant:  old  air-entrained  specimens  showed  the 
least  deterioration  with  the  exception  of  one  sample 
(new  PCC  exposed  to  AF  deicing  fluid  at  a concentra- 
tion of  2/1000).  Little  effect  was  demonstrated  by  the 
concentrations  of  chemicals  applied:  in  the  low  con- 
centrations used,  a factor  of  two  in  their  levels  was  not 
significant. 

A distinct  odor  of  ammonia  was  detected  during 
the  rinsing  of  both  urea-containing  chemicals 
(Monsanto  MCS  1082  and  Kaiser  ISOLV)  from  the 
PCC  specimens.  No  such  odor  was  detected  with  the 
asphaltic  concrete  specimens,  suggesting  that  a 
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b.  Non-air- Entrained 

Figure  3.  Terminal  surface  condition  ratings  of  old  and  new  air- 
entrained  and  non-air-entrained  PCC  specimens. 


a.  Apparatus  placed  on  sink  for  test  of  a con-  b.  Apparatus  is  operated  by  pulling  the  specimen  holder  past 

Crete  specimen  held  vertically  in  sliding  holder.  the  fixed  blade  haded  by  a weight;  material  scraped  by  blade 

is  collected  in  pan,  dried,  and  weighed. 


Figure  4.  Abrasion  apparatus. 


i 

j 
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Figure  5.  Cumulative  loss  from  alr-entralned  PCC  specimens  by  abrasion. 


chemical  reaction  occurred  with  the  PCC.  There  was 
no  correlation  between  strength  of  odor  and  degree 
of  deterioration,  however. 
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Table  A1.  Results  of  freeze-thaw  cycling  tests;  double  entries  (separated  by  a comma)  are  the  values  for  replicates. 


Old  0,0  0,0  +2(.06),  +14(18) 

Tar  rubber  concrete  New  0,0  0,0  ♦5(,18>,  +11(.40) 


Table  A1  (cont’d).  Results  of  freeze-thaw  cycling  tests;  double  entries  (separated  by  a comma)  are  the  values  for  replicates. 


Test  terminated  at  this  point  because  of  extreme  deterioration  of  specimen. 


Table  A1  (cont’d).  Results  of  freeze-thaw  cycling  tests;  double  entries  (separated  by  a comma)  are  the  values  for  replicates. 
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AGGREGATE  TEST  RESULTS 

PROJECT.  CRRia  DeicltiK  Project  SPECIFICATION  NO. 

REQUIRED  USE,  Prnparw't'.l nn  of  ConomtA  .SpnoliMn.x  CONTRACT  NO 

TYPE  MATFRIAI  Fine  Concrete  Aggregate  ci  assification,  Proceased  Natural  Sand 

SOURCE.  Atlantic  Coaat  Aggregates  i qcatiqn-  Vtoodbury^  New  Torie 

TESTING  AGENCY:  NISD  Laboratory  project  i ab.  no.  73-JO-l 

MECHANICAL  ANALYSIS  PER  CENT  PASSING.  BY  WEIGHT 

Sieve  Sonnple  Lob.  No. 

Oesignotion 

50-13  3-: 

• 

6-282-1  ( 

*) 

3 - Inch 

2-1/2-  inch 

2-  inch 

1 -l/2-inch 

1 - inch 

3/4-  inch 

l/2-inch 

3/8-inch 

No.  4 

100 

IDO 

No.  e 

88 

V 

No.  16 

Tlx 

69 

No.  30 

56 

liS 

No.  50 

31 

2lx 

No.  100 

7 

5 

No.  200 

. 1 

2 

Fineness  Modulus 

PHYSICA 

L PROPERTIES 

2.1xlx 

2.6'’ 

Specific  Gravity 

Bulk  Oven  Dry 

2.57 

2.56 

' 

Buik  S.  S.  Dry 

2.63 

2.62 

Apparent 

2.73 

2.72 

Absorption  % 

2.3 

2.3 

Orgonic  Color  Test 

L.  A.  Abrasion  Test 
(%  Loss  - 500  R ev.) 

Soundness(MgSO^ ) 

(%  Loss  - 5 cycles) 

Flat  8 Elongated  Particles 
( % by  Wt.-3tol  Rotio) 

Cube  Compressive  Strength 
% of  Stand  3-Days 

% of  Stand.  T-Days 

%of  Stand.  28-  Ooys 

(*)  Data  fo]^  oaterial  uaed  in  fabrieat 

Laboratory 

LDg  original  epecii 

sens  on  10  Nay  1972 

8 January  1973 

SIGNATURE; 

DATE; 

N.E  0 FORM 
I JUNE  95 
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BEST  AVAIUBLE  COPY 


PROJECTi 


AGGREGATE  TEST  RESULTS 
CRRSL  Deicing  Pro.lect  SPECIF 


SPECIFICATION  NO.. 


REQUIRED  USE;. 


CONTRACT  NO. 


TYPE  MATERIAL  . CoTse  Concrete 


gates  ri  ASsiFiCATinM.Croahed  Quarry  Stone 


SOURCE: 


LOCATION: 


TESTING  AGENCY: 


Sieve 

Oesignotion 


MCY.  wm  Leboretory PROJECT  LAB.  NO._23=JO-l_ 

MECHANICAL  ANALYSIS  PER  CENT  PASSING.  BY  WEIGHT 
Sample  Lob.  No. 


Ae  Blenoed  for  Mix 


Absorption  % 


Organic  Color  Test 


L.  A.  Abrasion  Test 
(%  Loss  - 500  Rev.) 


Soundness  ( Mg  SO^ ) 
(%  Loss  - 5 cycles) 


Flat  a Elongated  Particles 
( % by  Wt. -3*0 1 Ratio) 


Cube  Compressive  Strength 
% of  Stand.  3-Oays 


%or  Stand.  28- 


(*)  Gradation  of  ■aterlole  used  In  fabricating  original  specimens  on  10  May  1972 


V-'i  \ , \ 


sboratory 


8 January  1973 
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